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i
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for
Army Air Forces, Materliel Command
v - - GENERALIZED -SELECTION- CHARTS FOR BOMBERS POWERED
BY ONT, TW0, FQUR, AND SIX ZOOO-HORSEPOWéR ENGIKES
By M. J. Brevoort, G. W. Stickle, and Paul R. Hill

SUMMARY

A study has been made c¢f the performance of bombers
.powered by one, two, four, and six 2000-horsepower englines
supercharged to 25,000 feet. The performances are com=-

puted and ere based on drag coefficlents about equal to
the best obtalned on modern alrplanss and on weight esti-
mates obtalned from a study of modern Army Alr Forces
aliplanes.,

The performances of each type are summarized 1in per-
formance selectlon charts having coordlinates of powsr
loeding and wing loadinrg. By placing all performances
on ono chart ths lnterrelatlonshlp of the performsnces as
well as thelr dependunce on power loading and wing loadlng
is apparent.

The relatlive performances of the bombers with 4dif-
ferent number of englnes are comnared at constant power
loading, showing ths perforniance trends due to varying
the number cof 2000-horsepower onglnes and slze of the
bombers, A brief dlscussion of the baslic factors
creating these trends 1s given.

The assumptions and values of the parameters upon
which the charts are based are glven in the appendilx,

INTHODUCTI ON

This paper 1s a continvation of the work done in
reference 1 concerned with the cormarative perforrmnce
that can-be obtained with different trpes of airplenes and
how this performance is affected by the parsmeters of the
airplanes., This study 1s not intended to give 2 final
answer to the problem, but it should be viewed as a
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preliminary attempt to relate the broad phases of the
problem and present those relationships in a systemsatic
manner, ,

The selection of the right type of airplasnes to be
procured for the successful prosecution of the war is
an exiremely important end difficult task, The selec—
tiocn depends on many seemingly independent factors that
are elmost impossible to evaluate sccuretely, such as,
the locatlon of the theater of the war, the tactics to
be employed, lmprovements in elrvlenes, engines, and
fuels, the comparstive performance that can be obtalned
with different types of eirplsnea, end many other unfore—
seen fectors,

The problem thus involves aerodynamlcs, structures,
tectlcs, strategy, and economics, Thls snalysis con-—
sldenrs some serodynamle and structural phases of the
problem, : .

Accordingly it i1s beyond the province of this study
to suggest thet one airplene 1s superlor to another for
military operations, It is more likely that, when all
the aspects of the problem are given their proper weight,
each type will be of value if 1t 1s used on misslons
sulted to 1ts performence, and no type 1s superilor on all
missions,

This report takes up the problem of performance as
a function of number of engines, Systematlic veriation
of parameters has been employed to make this snalysils,
It has been assumed that each eirplane is designed with
equal sk11l1l and that due allowence 1is made for the tend—
ency of the larger alrplenes 1o submerge the bodles 1n

the wj-ng .

This study hss been besed on the best informetion
avelluble to the Laboratory et the time of writing, but
it is realized that in many ways the informetion is not
complete or in a form that can be applied to the problem
and, therefore, the study should be continued to incor-
porste new and more complete Information as 1t becomes
avallsble,

The comperetlive performance of elrplanes having
different nuaner of engines is difficult to evaluete from
the performance of existing sirplanes becsuse the varlious
types have wldely different char=cteristics, such as,
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engines of different power, dlfferent values of wing

_loaq%gg, and varying degrees of serodynamic refinement.

If one were cble to design a seriles of alrplanes
having from one to six engines of the same size so that
each airplane had the seme wing and power loading, the
gseme serodynemic refinement, the same ratioc of bomb load
to gross loed, then the relative performance of these alr—
planes would give the answer. Such an experiment is too
expenslve and too time—consuming to be practicable. In
fect, by the time the largest alrplane was finished,
smali alrplanes with larger engines and serodynamic im—
provements would have been bullt end the whole plcture
would agaln be in a confused state. '

Due to the difficult nature of the problem, the most
practicable method of attdack is first by an anaiysis
meking systematic assumptlions of weights, drags, and
equipment in order to get a broad general picture, This
report is the first part of the problem where the general
pilcture is presented in the form of charts based on
systematic essumptions,

Aerodynamic and structural tests of models are the
most logical extension of this investigation., Results

of such tests should be used 1n connectlion wlth new sslec—
tion charts to show the performance of future alrplanes,

SYMBOLS
C,y coefficient multiplying the dlstributed load to
give the effective distributed load
CLT 0 1ift coefficlent at take—off

Cpg - parasite drag coefficient

P effoctive frontel area of the bodlies on an eir—
plane, square feet

£ losd factor
dlmensionless constant
L/D 1lift«to—~drag ratio

R aspect ratio



) ving ares,.squarse feet _ .

t root wing thickness divided by root chord
W ' gross weight of airplane, pouﬁds

wl wing welght, pounds -

W2 distributed welght on the wing, pounds

PRESENTATION OF CHARTS

Cherts showling the performance trends 1ln raenge,
speed, rate of climb, end take-off distence plotted on
the coordinates of power loadlng and wing loeding ere
given in figure 1, Each polnt on these charts defines
a complete and consistent airplane, The serodynamlc
and structural parameters have been varied in s con-
sistent manner so that the pirplenes have equel load
factors, wing thickness ratio, aspect retio, propeller
efficlency, and merodynamic cleanness., These cherts
show performances that sre serodynamicelly and struc—
turally consistent with the best alilrplenes that can be
produced st the present time. The alrplanes ere all
powered with 2000-horsepower englnes supercharged to
25,000 feet altitude, The speed curves are calculated
at 25,000 feet altitude and the renge, rats of climb,
and take—off dlstance curves are caslculated at sea
level, (See the appendix.)

Figure 1(a) sppllies to single—engine bombers;
figure 1(b) to two—engine bombers; figure 1(c) to four—
engine bombers; and figure 1(d) to six—engine bombers.
By the use of these charts it 1s possible to determine
the genersal trend in performances as affected by the -
number of englnes, Compsrisons for a few speclal cases
vhere the take—off distance is fized at 3000 feet sre
given in figures 2, 3, and %,

Separste charts for each performance characteristic
are given in figures 5~9, The performance cen be read
from these with greater accurscy than from the composite
selection charts of figure 1, Included 1n this group
are charts giving the maximum L/D, and charts giving
the structural weights and carrying capeclty of gasoline,
oil, and bombs, '



PERFORMANCE TRENDS

Comparison of the psrformance of the bombers with -
one, two, four, asnd slx engines ere nmede at a take-off
distance of 3000 feet, For a given power loading -the
wing loading is selected to give this teke—off distance
end is the same for eech type, so that, in reality, the
comparison is eslso mede at constant power loading and
constant wing loading.: : o i

Figure 2(a) glves the maximum renge of bombers with
one, two, four, and six 2000-horsepower engines hsaving a -
teke—off dlstance of 3000 feet snd carrylng no bomb load,
Pigure 2(b) is simllar to figure 2(a) except that part of
the fuel is displaced by bomb loeds, The bomb loads ere
proportlioned according to the relative welght and power
of the different types. More specificelly, the ratio of
bomb loed to horsepower 1s 1,25, Magnltudes of bomb
loed are indicated on the figures,

Both figures give the same renge trends, This
aimply shows that the megnitude of the bomb loads l1s an
unimportant factor in the comparison ss long as they ere
distributed in a falr manner. The greatest range ob-—
talned In the i1nvestigation 1s obtained with a four-—
engine bomber at the highest power loading, W/P = 25,
At & power londing between 20 and 25 the four— end
six—engine bombers are equsl, Below this the six—engine
bombers have the greatest range of the series, The
maximum range of the two-engine bombers will be found to
average about 85 percent of the range of the four-engine
bombers over the renge of power loading investigated,

Figure 3 shows the high speeds at a wing loadling

giving & 3000-foot take—off distance. A power losding

of six, which 1s representative of pursult elrplanes, 1s
included as a lower limit, At end below power loedings
of 6 and 10, the single-—engins sirplane is faster than
the two—engine airplenes, At higher power loadings, the
speed continuously increeses with an increase in the num-
ber of engines resulting in a difference in speed between
the two— end six—engline bombers of from 6 to 10 percent.
The relation between the single— snd two—engine hombers
mey also be observed by. compering figure 6(s) end fig—
ure 7(a). There 1s a greater spread between the curves
of constant speed on the two-engine bomber, the two—
engine bomber being faster at high power londling snd the
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single—engine bomber faster at low., This is because of
the nacelle drag at low power losdlng, and et high power
loading the nacelles are more submerged in the wings,

It 1s also possible to make the comparisons showing
the range of the different types at the optimum wing
loading for range and the speed at the optimum wing
loading for speed. However, this basis of comparison
i1s Inconsistent in thet different wing loadings sre used
in the range and speed comparison, Also the differences
in rsnge and speed obtained by this method over that
obtalned at constant take..off dlstance is found to be
triviel and the trends of range and speed with respect
to number of engines 1s precticelly identilecal,

Figure 4(a) shows the rates of climb for alrplenes
with a 3000-foot take—off distance, There is no impor-
tant variatlon in rate of climb with number of engines,

PARAMETERS AFFECTING PERFORMANCE TRENDS

One effect of increasing the number of engines 1is to
more nearly distribute the welight of the power plants
over the wing span thus tending to lighten the wing struc-
ture., However, this does not turn out to be the factor
controlling wing welght, as will be pointed out,

For reessonably proportioned airplanes lerge increcses
In gross welght and size accompeny large increases in
power, This glves rise to scale effects which have an
Importent effect on performsnce. There 1s a tendency for
certain weights, such as. crew and equipment, instruments,
and armements; to lncresse much less rapldly than the gross
welght, thus giving the larger bomber considerable sd—
vantage., Also the larger alrplane tends to submerge the
nacelles and fuselage to a much greater extent. As the
scale increases these factors tend to increase the range.,
However, as the alrplane and the sirplane wing become
larger, a greater thickness of material ls required to
resist the bending stresses and the greater thickness of
the wing mskes necessary a greater welght of intersurface
structurel members, Thls factor, rether than the greater
distribution of engine welght over the span, 1s the con-
trolling factor in wing welght. As a result the unit
wing weight increases with scale. This factor eventually
overcomes the favoreble effects of scale, and an optlimum
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1s resched beyond which range 1s decressed. These ob—
gservations ere for airplanes of a conventional form snd
mey be considerably upset by flying wing or other types.

The greater speed of the larger bombers 1s due to
the relatively smaller fuselages on thé large bombers
and a gresnter degree of submsrging the fuselage end
necelles in the wings. )

The power to fly the airplane in climb (exoclusive of
oclimbing power) varies with the fourth root of the air—
plane drag coefficient and inversely with the aspect
ratio to the three-fourths power. Since the variation .
of drag coeffilclent 1s not large, the relative differences
after taking the fourth root are quite small. Conse—
quently, the rate of climb at a glven power loading, wing
loading, and aspect ratio sre almost equsl, as may ﬁe ob—
served for the bombers of two, three, and four engines,
The drop in rate of climb of the single_engine bomber 1s
princlipally due to 1ts lower aspect ratio. Thus, for
elrplenes of the same power loading, wing loadins, sapect
reatio, and propeller efficlency the retes of climb should
be substantlally equal even though there exists a dif-
ference in degree of serodynamic cleanliness,

Take—off distance has been assumed to be completely
s. function of power loading and wing loading, end no verl—
ation of take—off distance with number of engines is
shown,

ILLUSTRATION OF SELECTION CHARTS

In the normal use of a selection chart the Interested
perty probably has o definite, preconceived idea of the
type of mission, the deslred number-of engines, end the
desired performance. The use of the performence seleC-
tion chart 1s to choose the most satisfactory comblnation
of performences for the type of mission for which the
bomber 1s intended and at the same time to determine the
proper power loadlng and wing loading. However, in order
to inspect the selection charts for one-, two-—, four—,
end six-—engine bombers, let us assume a set of minimum
performance fligureés ana find the type most nearly sat—
isfying the specificatlons.

Let 1% be requlred to select an airplane with these

requirements: maximum range of 8000 miles with a ratio
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of bomb load to horsepower equal to 0.625, a high-speed
of 300 miles per hour with full load at 25,000 feet alti-
tude, a rete of climb at sea level of 1000 feet per
minute, and a take—off distence not to exceed 2000 feet,

The selection chart for the single~engine bomber
(figure 4(a)) shows the 8000-mlle—range curve falling to
intersect the 300—mile-per—hour speed curve by & wilde
margin, Airplanes defined by power and wing loadings in
the area above and within the arc of the 8000-mile~range
curve have ranges shbove the minimum renge requirement,
Only airplenes on ‘or in the area below the 300~mlle—~per—
hour speed curve have speeds equal to or in excess of
300 miles per hour. Hence, although the single—engine-
bomber can have elither en 8ooo-m¢1e range or a 300-mile-.
per-hour high speed, 'a given sirplane cannot have both,

The selection chart for two—engine bombers shows
the 8000-mile-range curve does not Qquite intersect the
300-mile-per-hour speed curve and just fslls to intersect
the 1000—foot—per-minute~climb curve so that the two-—
engine bomber falls by & narrow mergin to fulfill the re-
quirements set up, If the maximum renge requirement were
but T4OO miles, the speed, take-off,.and climb require-
ments remaining the same, a two—englne bomber would be
setisfactory, It is Interesting to note that in this
case only the two—englne bouwber with a power loading of
15.6 end wing loading of 37 fulfills the requirements,

Referring to the selection cheorts for the four—engline
bombers, figure 4(0), area above the 8000-mile-range curve
satisfles the range requirement; aree below the 300-mile~
per-hour speed curve satlsfles the speed requirement;
ares to the left of the 2000-foot tske-off curve satlisfles
" the take—off requirement, and area below the 1000—-foot-
per-minute~climb curve satisfies the c¢limb requirement.

A’ small area bounded by the range, spéed, taske-off, and
climb curves Just referred to represents bombers satis—
fying all of the specified requirements end is indicated
by heavied lines on the chart. The four—engine bomber
:should- have a power losding of 15 or 16 pounds per
horsepower anf a wing loading of about 35 pounds per
square foot. ' .

Referring to the. selection chart for six--engine
bombers, figure 4(d), we note that an area similar to
that found satisfactory on the four—engine bomber chart
also exists -on the six—-engine chart snd fulfills the
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specifications, In fact the same power loading and wing
loadings ere found to be setisfeotory.

Aerodynamically the four end six—engine bombers are
equal 1n this example, and the cholce between them must
be made on some basis other than aerodynamic.

It must be emphssized that the assumed specifice~
tions are merely for lllustration and therefore no
claims are made for the perticular answers of power
loading and wing loading obtained,

"An inspection of the selectlion charts shows theat the
optimum wing loading for range and also for speed in—
creases wlith the number of engines., These effects are
mainly due to the changes of structural welght snd speeds
with changes of scale although they msy be colored some-
what by the simplifying essumptions made In the anslysis,

EFFECT OF OVERLOADING

It frequently happens that there 1s reason to revise
the design of an alrplane, to lncrease 1ts gasoline '
carrylng capacity, or otherwise to incresse 1ts weight,
The gross welght of the alrplane 1s 1ncregssed while the
wing srea remgins constant, Thilis procedure is simllar
to a prectice referred to as "overloading," although in
our case we shell assume that the structure is sultably
strengthened for the extra load, If the gross load 1is
increased the increrse in range may be thought of as due
to the increase 1n power loading; the increase of wing
loading 1s merely one of the results of the process, It
13 readily shown that airplenes with an initieslly low wing
loading are far more adsptable to overloading then those
with an initiglly high wing loadlng.

For exemple, on the two—englne bomber selection
chart, figure 4¥(b), let us choose two bombers, one with
& power loading snd wing loading of 10 and 25 end the
other with s power loading and wing loading of 10 and 60,

- represented by points A and B on the chart. Let it be

desired to increase the disposable load and other welghts
until the gross welghts are increased from 40,000 to
60,000 pounds, thus increesing the power loadings in each
case to 15 pounds per horsepower, Because wing ares and
power are constant the lncreases 1n power loadlng and




1o

ving loeding are propértional,  and: ovePloadifig”is ‘Nepre—
sented by straight 1ines through the origin, "Thus, we °
locate the revised alrplanes at A! and B! on 1ines’
radiating from the origin, passing through A &nd B;’

The initial and final performances are t&bulated below.

. Bomber A Bomber B

w/P w/s Rangs Take- Speed Climb W/P W/S Rangs Teke— Speed Climb -~
) H off . -- 1 o

10 254700 800 320 2250 10 60 4700 2300 360 1800
15 377200 1900. 305 1150 15 90 6h00 6009 315 . 700

Iine A-A} 1s: -practically perpendicular to. the. range .
gurves, angles obliquely to the take—off curves, and is |
almost parsllel to the speed curves, "As & result the }
range increazes rapidly while the take—off and speed are
not affected very rapidly. The line B-B! runs obliquely
wlth respect to the range and almost perpendiculer to the
take—off curves; as a result we approach s point vhere 1t
is impossible to improve the range and the take-—off dis—
tence lncreases far too rapldly. An illustration could
be cited of a popular homber originally. designed with a..
low power and wing loading, which las had the gross. weight
greatly increased with very satisfactory results, O0thérs
originelly designed with a high wing loading are quite
restricted in increasing the gross weight

LIMITATIONS OF THE ANAIYSIS

. ‘Range 1s greatly deperndent on the ratio of fixed and
" gtructural weights to gross weight because this ratio has
a direct bearing on the amount of fuel which ¢an be |,
carried., It follows that the relative range merits of
the several types depends on the magnitudes of the fixed
velghts chosen as representative for the different types
end on the load factors for various loading conditions,
Both speed and range are dependent on the relative size
of the fuselages end the. degree .to which the fuselage
.end necelles are submerged in the wing. Therefore, for
airplenes with fixed weights, load factors, and effective
frontal areas varying in a different manner frqm those -




chosen for this analysis 1% must be expected thet the
performance trends will be modiflied accordingly.

Langley Memorial Aeronautical Leboratory,
National Advisory Committee for Aeronsutlcs,
langley Fleld, Va., July 6, 1942,
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+ ... APPENDIX

Power Plants

The bombers are all powered by 2000-horsepower en-
glnes, It is assumed that each requlres a nacelle pro-~
Jected frontal area of 25 square feet for adequate housing
and the admlssion of all cooling ailr, Welight estimates
.are made to include all auxlllary sgqulipment necessary for
full power operation to 25,000 feet. The curves of
ninimum specific fuel consumption and engine rpm for
operation at minimum specific fuel consumption are glven
in figure 10.

Drags

Drag coefflclents are taken to glve paraslte drags
approximately equivalent to the paraslite drag of modern
Alr Force alrplanes. The drag coefficient of the wing
and tall based on wing area 1s 0,0120 and of the fuselage
and nacelles 1s 0.12 based on effective frontal area.
The effective frontal area 1s the actual frontal area
less an allowance made because the fuselage and nacelles
are not complete bodles, but are partially submerged in
the wing. The effective fuselage area for g given
famlly of airplanes 1s taken to vary with the 2/3 power
of the gross welght. The valuss of effectlve fuseldage
and total effective nacelle frontael area for the several
familles of bombera and the manner 1ln which they are
assumed to very with the gross welght 1s given in fig-
ure 1l. Of two bombers with the same gross welght and
different number of engines, the bomber with the larger
number of englnes has the smaller fuselage slnce more of
the welght 1s in the nacellss.,

The total parasite drag coefficlent of the bombers
mey be expressed by two terms representing the wing plus
tall, and the fuselage plus nacelles as follows:

Cp, = 0.0120 + 0.12 F/S

F represents the effectlive frontal area of fuselage plus
nacelles and S the wing area,

An addition to the parasite and 1deal Induced drag
with increasing 1lift coefficlent 1s assumed and expressed
as an Increase 1In the 1lnduced drag of an elliptical wing.
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Thus, the expression for induced drag 1s dlvided by a
"span factor" as in the ‘equation

D = Opg @ § + (W/b)2/e q
The value of e 1s taken as 0.8 in this analysis.
- ' Propeller Efflclency and Coollng Power

It 'was assumed that a propeller efflciency ‘of
85 percent could be realized. In order to simplify the
performance computations, 1t ls assumed that cooling
power 1s proportional to brake power, This assumption
makes 1t posslble to take account of the cooling .losses
by an -equlvalent reductlion of the propeller efficlency.
Five percent of the brake power was alléwed for cooling,
glving an effective propeller efficiency of 80 percent.
This value was used 1n all performance calculatlions.
In order to make a constant value of 80 percent effec-
tive propeller efficlency applicable to the range calcu-
lations for the condltion of maximum L/D and minimum
specific fuel consumption, 1t was necessary to make these
computations at sea level,

Aspect Ratlo

The varlation of range 1s not criticsal with con-
siderable varlatlon of aspect ratlo, A value of 12
has been used throughout the charts for the two-, four-,
andl six-engline bombers, while a wvalue of 9 has been used
for the single-engine bombers.

Load Factor

A deslgn load factor of I with a 2000-pound bomb
load has been used for this analysis, This is suffi-
clent to protect agalnst a standard gust of 50 feet per
second. Very modest maneuverabllity l1s afforded.by this
"load factor.

Wing Thickness

A 20-percent wing-thickness ratio at the root -chord
was used for all the sirplanes. This wing i1s thick
enough to keep the wing welght reasonable but not thick
enough to cause a high drag or to experience compressl-
billty at maximum speed. :
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After a study of Alr

Welght

_Forces airpianes,_it was as-
Fuselage weight 1s 8 percent of airplane gross

Lending-gear welght 1s 6 percent of alrplane

There are certaln flxed weights which vary with

the gross welght as in the followlng table:

Instruments

500
500
600
600
500
600

00
00
700
8GO0
900

1000

800

900
1000

Guns and
arnor

1500
2000
2500
3000

2000
2570
%500
1000
2500

300
1100
5000
2800

?600
i

sumed that:

1.

welght,
2,
gross welght.
3. Teail weight 1s 10 psrcent of wing welght.
L.
Fixed Welghts
Type Gross Engines Crew and
welght and access. equipment and fix. equip.

Single- 15,000 11500 800
engine
Do===w== 25,000 L5500 1000
Do===== 37,500 1,500 1200
Do===== 50,000 1,500 1200
Two- 30,000 Q000 1200
englne
Do=w====~ 50, 000 9000 00
Do==w=== 75,000 9000 1600
Do===== 100, 000 9000 1600
Four- 60,000 18,000 1600
engine
DO=w==- 100, 000 18,200 2000
Do==m== 150,000 18,500 2000
Do==w== 200, 000 18,800 2000
Six- 90,000 27,000 1800
engine
Do====~ 150, 000 27,300 2000
DOo~==== 225,000 27,750 ‘2000
Do=====~ 300, 000 23,200 2200

1100

3600

5. Welght of fuel system equals 0.55 pound per

6.

gallon

of gasolins.

per gallon of oill.

Welght of lubricating system equals 1.25 pounds
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Sufficient tankage welght ‘is included to obtain maximm
range with no bomb load, The tanks are assumed %to be
carried 1ln the wings. ; :

Figure 12 1s a chart showling the variation of the
fixed welghts. These weights are the weight of crew
and thelr equipment, instruments, and .certaln fixed
equipment, armament and armor., The c¢hart shows the
- varlation of these welights more readlily than does the
table. The general trend 1s for the Increase In fixed
welghts to hecome less rapid with lncreasing gross
woelght.  This follows since there 1s not much point to
increasing -.the weight of instruments and the crew numbers
beyond a certaln amount and the need for an lnecrease in
the amount of armement with increasing bomber welght
tapers off once all "blind!" spots have been eliminated.
The fact that a bomber with fewer englnes than another
of the same gross welght is assigned a larger fixed
welght may be Justified on the premise that it 1s con-
siderably slower and therefore needs more defensive
armament.

Wing Velght

Wing welght 18 determined by considerations of
strength. An expresslon equating the internal re-
slsting moment to the external bendlng moment at the
center section glves the followling relationship:

W - (CiW2 + W) . £R3/2 31/2

K= Wy t

where K 18 a dimensionless constant dependent upon:
1. The distributlion of 1i1ft along the apan.

2. The strength welght ratio of the material used
in the constructlon of the wing.

3. The perfection of the design as an efficlent
weight to strength beam. The higher the K,
the mors efflclent the beam as a weight-
carrying structure.

For simple loading conditlions, such as those for pursult
alrplanes where nearly all of the load 1s concentrated
in the fuselage, it 1s to be expected that a value

of C; = 0 would approximate the loadlng conditlon.
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For multlengine bombers, where a large portion of the
load 1s distributed along the wing, a value of Cj
betwesen 0,5 and unity would be expected to approximate
the loading condition. For the purpose of this analysls
a value of K = 100,000 was used. A value of (7
equal to 0.85 was used for the four- and six-engine
bombers end OC7 equal to 0.75 for the single- and two-
engine bombers. To solve this equation for wing welght
if the value of the load to be carried iIn the wing 1ls as
yet unknown, Wp may be convenlently expressed as the
gross welght less the welght of the fuselage and the
weight carried by the fuselage (including the tall sur-
faces), less the wing welght.
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